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 Executive Summary 
 The current mitigation thresholds for the Hanford Site are based on habitat requirements of the sage 
sparrow (Amphispiza belli) and only apply to areas with a mature big sagebrush (Artemisia tridentata) 
overstory and a native understory.  These sage sparrow habitat requirements are based on literature values 
not specific to the Hanford Site.  To refine these guidelines for the Site, a multi-year study to quantify 
habitat characteristics of sage sparrow territories on the Hanford Site was undertaken by Pacific North-
west National Laboratory for the U.S. Department of Energy.  These characteristics were then used to 
develop a habitat suitability index (HSI) model that can be used to estimate the value of specific locations 
on the Site. 
 Thirty-seven sage sparrow territories were mapped and habitat features including the percent cover 
of all shrub species, perennial grasses and forbs, and annual grasses and forbs were measured.  Big 
sagebrush height was also measured, as was the amount of bare ground and litter.  Additional habitat 
features measured included stand age based on the burn history and the patchiness of shrub cover 
surrounding the territory.  These later two features were measured on a landscape scale rather than a 
territory scale.  A principal component analysis was conducted to identify the subset of variables that best 
described the habitat features of the territories.  These variables—big sagebrush canopy cover, annual 
grass and forb canopy cover, stand age and shrub patchiness—were used to develop the HSI model.  The 
model was tested by collecting additional data on sage sparrow density and associated habitat features.  
The model was fine-tuned by replacing sagebrush cover with the combined cover of sagebrush and 
bitterbrush (Purshia tridentata). 
 The data and model revealed sage sparrow occupancy is associated with a broad range of big 
sagebrush cover and understory characteristics.  Smaller territories were associated with higher, more 
continuous sagebrush/bitterbrush cover and fewer weedy, annual species in the understory.  Larger 
territories were found in areas with patchy or sparse shrub cover and higher cover of weedy species in the 
understory.  Only one-third of the sage sparrow territories were in areas that would currently require 
mitigation, that is, mature big sagebrush habitat with a native understory.  The results indicate the current 
mitigation standards may not be protective of sage sparrows on the Hanford Site.  The sage sparrow HSI 
model can be used to estimate habitat quality in areas that are proposed to be disturbed by site develop-
ment or remediation activities.  The model will be applied to determine if compensatory mitigation would 
be required of a proposed project, and if mitigation is needed, how much habitat replacement or other 
mitigative actions would be appropriate. 
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 1.0 Introduction 
 The Hanford Site in southeastern Washington State, managed by the U.S. Department of Energy 
(DOE), occupies one of the last large remnants of late-successional shrub-steppe habitat in the Columbia 
Basin ecoregion.  Sagebrush-steppe is classified as a priority habitat by the Washington Department of 
Fish and Wildlife (WDFW) and as a high-value resource by the Hanford Site Biological Resources 
Management Plan (BRMaP) (DOE 2001).  As a high-value resource, damage to sagebrush-steppe habitat 
requires mitigation under the current DOE Hanford Site guidelines as described in BRMaP and in the 
Biological Resources Mitigation Strategy (BRMiS) (DOE 2003).  However, like all habitat types, 
sagebrush-steppe exists as a mosaic of shrub types, sizes, and canopy cover overlaying an array of 
understory herbaceous plants.  Therefore, although it may be easy to distinguish high-quality stands as 
deserving mitigation and degraded stands as not requiring mitigation, the threshold between high- and 
low-quality stands is not always apparent. 
 At present, the interim mitigation threshold guidelines as set forth in BRMiS (DOE 2003) state that 
“guidelines were developed based on the estimated minimum home range size of one potential evaluation 
species (sage sparrow) and current Hanford Site disturbance and land-use patterns…”.  This interim 
threshold applies only to areas with mature sagebrush-steppe habitat that has at least 10% cover of a 
climax shrub species such as big sagebrush (Artemisia tridentata) or bitterbrush (Purshia tridentata), an 
average shrub height of 0.5 m, and a native species understory. 
 The BRMiS (DOE 2003) describes a process to improve upon these interim guidelines by estimating 
the value of a particular site based on characteristics of the site and their relative value to a representative 
wildlife species.  BRMiS proposed to measure habitat value using the concepts of habitat suitability index 
(HSI) models, which are commonly used to associate habitat characteristics with species usage.  These 
models derive a relationship between species presence or abundance and habitat measures for such 
elements as canopy cover for trees, shrubs, grasses, forbs, and canopy height.  Recently, HSI models 
have incorporated large-scale habitat features employing spatial data and modeling using Geographical 
Information Systems (GIS) software (Rotenberry et al. 2006).  These models are based on a combination 
of statistical analysis and observational knowledge.  The development of these models, whether based on 
local or landscape features, involves an iterative component, with models being tested and adjusted as 
new data are added. 
 However, HSI models had not been developed for species that occur on the Hanford Site that would 
be good indicators of quality sagebrush-steppe habitat applicable to the Hanford Site.  Therefore, we 
developed a Hanford Site-specific HSI model for the sage sparrow (Amphispiza belli) based on the 
vegetation characteristics of territories found on the central portion of the Hanford Site. 
 The sage sparrow is a Washington State candidate species (WDFW 2005).  Its distribution coincides 
with the distribution of sagebrush (Vander Haegen 2004), and they are often referred to as a sagebrush-
obligate species.  Although there is no dietary link to sagebrush, sage sparrows prefer to nest within or 
occasionally on the ground beneath sagebrush (Petersen and Best 1985; Fitzner 2000; Misenhelter and 
Rotenberry 2000).  At Hanford, sage sparrows begin to arrive on the site in late February/early March and 
appear to leave the site in late summer.  Nesting occurs from late March through June, with pairs 
producing from one to two broods per year (Fitzner 2000). 
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  The objective of the study was to develop a HSI model for the sage sparrow that can be used to help 
estimate habitat value at specific locations where Hanford Site activities are proposed.  The model could 
be used to identify whether a particular site contains habitat that requires mitigation and could also help to 
identify the type of mitigation and how much would be required.  Additionally, the model could be useful 
at sites where habitat improvement or restoration is proposed, both to determine if a site is a good 
candidate for improvement and for measuring progress over time. 
 
2.0 Methods 
 The sage sparrow HSI was developed in three phases.  During the initial phase, sage sparrow 
territories were located, mapped, and the vegetation cover was characterized.  In the second phase, the 
data were analyzed, and the results were used to construct a HSI model.  The final phase involved 
collecting additional data on sage sparrow densities and corresponding vegetation cover to test and fine-
tune the model. 
2.1 Sage Sparrow Territory Mapping and Measurement 
 Surveys to locate and map sage sparrow nesting territories were conducted on Central Hanford in 
2003 and 2004 (Figure 2.1).  The search for sage sparrow territories was based on known habitat 
preferences and directed using vegetation cover type maps of the site.  Sage sparrows on the Hanford Site 
are known to occupy habitats with an overstory dominated by one of three shrub species:  big sagebrush, 
bitterbrush or spiny hopsage (Grayia spinosa) (Fitzner and Gray 1991).  Using this information, areas 
containing vegetation cover types with an overstory dominated by one or more of these shrub species 
were identified on GIS maps from previous Hanford Site vegetation mapping (DOE 2001).  The size of 
the areas containing each vegetation cover type was determined, and based on the size, three or more 
500-m line transects were randomly assigned to each vegetation cover type.  The direction of each 
transect was based on a random azimuth (Bibby et al. 1992).  Where the random azimuth extended the 
transect outside the vegetation cover type being surveyed, a new direction was established at 90º, 180º, or 
270º until a 500-m transect was contained within the community of interest. 
 To locate sage sparrow territories, an observer walked along the transect line and listened for singing 
male sage sparrows.  If a sage sparrow was detected, the observer immediately discontinued the transect 
survey and began mapping the territory.  Each transect was surveyed up to three times with at least 
10 days between surveys, and areas were considered unoccupied if sage sparrows were not detected 
during any of the three walking surveys.  
 Territory mapping was accomplished by following the singing bird continually for one hour 
(Misenhelter and Rotenberry 2000).  The initial and subsequent singing locations were recorded with a 
global positioning system.  Sage sparrow behavior was closely monitored, and observers moved away 
when individuals vocalized warning calls.  Using the coordinate data, a sage sparrow breeding territory 
was calculated as the maximum convex polygon (a polygon where all interior angles are <180°) 
determined by the singing perches (minimum of 10) that an individual male used during one hour of 
monitoring (Figure 2.2). 
2 
  
Figure 2.1. Map of the Hanford Site Showing Location of Central Hanford (light shading) and the 
Hanford Reach National Monument (dark shading) 
 
Figure 2.2. Example of Sage Sparrow Territory Mapping and Vegetation Sampling Methodology.  
Overstory vegetation attributes were measured within the 10-m X 10-m plots while 
understory habitat attributes were measured along the transects within each 10-m X 
10-m plot. 
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  Vegetation characteristics were measured in randomly placed 10-m X 10-m plots within each 
territory.  The number of plots per territory varied depending on territory size, with a minimum of three 
plots per territory (Figure 2.2).  All shrubs >0.2 m high with any portion of the canopy within the plot 
were measured.  Measured shrub characteristics included:  species, whether the shrub was rooted inside or 
outside the plot, maximum height, maximum diameter, perpendicular diameter to the maximum, and a 
visual estimate of the percentage of the canopy that was dead.  All characteristics were recorded only for 
the portion of the shrub canopy within the plot.  The two shrub canopy diameters were used to calculate 
individual shrub canopy cover using an oval to approximate the shape. 
 The percent canopy cover for understory plants in each plot was visually estimated using 15 quadrats 
(20 X 50 cm).  These were placed systematically along three transects oriented east-west across the plot at 
distances of 3 m, 6 m, and 9 m north of the southern boundary (Figure 2.2).  The average percent canopy 
cover was determined for annual grasses, small perennial bunchgrasses, large perennial bunchgrasses, 
annual forbs, perennial forbs, litter, and bare ground. 
 Two landscape-scale attributes were used in the analysis: a measure of shrub patchiness and a 
classification of stand age based on the fire history.  Shrub patchiness was based on the number and size 
of shrub patches in and near each territory (Figure 2.3).  To develop a GIS data layer representing 
patchiness, a 1-km buffer was created around the geometric center of each territory.  Shrub patches within 
the buffer area identified in low-level aerial photography viewed at a 1:3000 scale were digitized.  A  
 
Figure 2.3. Landscape-Level Shrub Patchiness as Defined by the Onscreen Digitization of Both Color 
and Texture from Low-Level Aerial Photography 
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 patch was separated from another patch by a distance of at least 20 m without visible shrubs.  Patchiness 
was then calculated as the ratio of the sum of patch perimeters to the sum of the patch areas within each 
1-km circle.  The second landscape-scale attribute of stand age was determined using maps showing the 
fire history of the site from 1974 to 2000.  Territories were then assigned a stand age based on when the 
area last burned. 
2.2 Statistical Analyses and Model Development 
 For each territory, the mean and standard deviation were calculated for every measured habitat 
component including shrub cover by species, shrub height, annual grass cover, annual forb cover, large 
perennial bunchgrass cover, small perennial grass cover, perennial forb cover, litter, and bare ground.  
Also included were the two landscape variables:  stand age and shrub patchiness at the 1-km scale.  All 
variables were standardized before analysis by subtracting the overall mean from each territory value and 
dividing by the overall standard deviation (Gotelli and Ellison 2004). 
 A principal component analysis (PCA) was used to examine the habitat data for relationships among 
the suite of variables.  PCA is used with multivariate data sets to reduce the number of variables by 
creating new, uncorrelated variables, or factors, which are combinations of the original variables.  Within 
each factor, correlations are used to indicate the contribution from each variable to that factor.  The 
factors are ordered by the amount of variation they account for in a multivariate data set, with the first two 
to three factors generally accounting for most of the variation in the data.  The analyses were conducted 
using Statistica 6.0. 
 From the original, large suite of variables, a subset of variables associated with the first two factors 
in the PCA analysis was chosen to develop the multiplicative habitat suitability model.  Criteria for 
eliminating variables included redundancy (i.e., variables that occupied similar quadrants of the factor 
plane) and those that added little to the overall factor (i.e., coefficients of less than 0.6).  The remaining 
variables were used to construct the HSI model.  Coefficients for the model were based on the data 
collected for this study and expert opinion. 
2.3 Sage Sparrow Density Surveys 
 To evaluate the HSI model, sage sparrow densities and associated habitat characteristics were 
quantified at 26 additional sites on Central Hanford in 2005.  These sites were stratified to represent 
different levels of the variables used in the HSI model (i.e., sagebrush canopy cover, stand age, 
understory composition, and patchiness) and were more than 500 m away from any of the previously 
mapped sage sparrow territories.  Sage sparrow densities were estimated using point counts at randomly 
selected locations within each of the previously identified vegetation cover types.  Two 10-minute counts 
were conducted at least 30 days apart at each location during the spring breeding season (March 15–
June 15). 
 Density estimates depend on estimating the detectability of individual birds.  It is well established that 
the detectability of an individual bird decreases as distance from an observer increases (Bibby et al. 1992; 
Buckland 1987; Burnham et al. 1980; Emlen 1971).  This relationship is influenced by the conspicuous-
ness of the target species in a given habitat as well as its aversion to human presence.  Although 
detectability can be estimated as a function of distance by plotting a detection curve based on field survey 
data, due to the limited number of observations, we chose to model density at each point using Ramsey 
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 and Scott’s (1979) continuous half-normal model.  Although values derived from this model may not 
represent an absolute density, they provide a measure of relative density adequate for comparison 
purposes.  Distance and azimuth were recorded with a laser rangefinder and compass for all sage 
sparrows observed singing.  Territorial (singing) male sage sparrow density was modeled at each point 
using the continuous half-normal model (Ramsey and Scott 1979): 
 ∑ == ni i mnnD r1 2 /)/( π  (2.1) 
where n = total number of singing males at a point 
 ri = distance from the observer to the ith detected animal, i=1…, n. 
 m = number of counts at a point. 
 Overstory and understory vegetation characteristics were measured using methods similar to those 
used previously except four plots were located around each point count location in each of the four 
cardinal directions at incremental distances.  Sampling plots were moved if necessary to ensure that all 
plots were located in vegetated areas of the territory (e.g., plots were moved to avoid sampling dirt roads 
or other human-made disturbances).  Stand age and shrub patchiness attributes also were calculated for 
the 26 locations using the methods described in Section 2.1. 
 
3.0 Results 
 Thirty-seven territories were mapped on Central Hanford during 2003 and 2004 (Figure 3.1).  
Territory size ranged from 0.3–2.55 ha; most territories were smaller than 1 ha.  The mean territory size 
was 0.97 ha (standard deviation 0.56), while the median was 0.79 ha.  Only four territories were larger 
than 2 ha (Figure 3.2). 
 The dominant shrub in all territories but one was big sagebrush.  Canopy cover ranged from just 
under 5% to over 60%, with an average canopy cover of 27% (Figure 3.3, Table 3.1).  Four other shrubs 
were occasionally found:  bitterbrush, spiny hopsage, and green and gray rabbitbrush (Chrysothamnus 
viscidiflorus and Ericameria nauseosa, respectively).  Over all the territories, the canopy cover of these 
four species averaged less than 1%.  In the single territory where no big sagebrush occurred within any of 
the six randomly placed plots, there was 19% bitterbrush cover. 
 Cover of perennial understory components averaged less than 20% on all the territories on Central 
Hanford (Table 3.1).  Annual grass cover, mostly cheatgrass (Bromus tectorum), averaged 18%, and a 
third of the territories had annual grass cover estimates of greater than 25%.  Most territories averaged 
between 30% and 40% bare ground and 20-50% litter cover. 
 Evaluation of the territories with respect to fires mapped since 1974 indicated that one-third (13 of 
37) of the sage sparrow territories had burned within the past 19 (n=9) or 26 (n=4) years.  The other areas 
had no record of fire.  Territories were classified as either occurring in a previously burned or unburned 
area and stand age being less than or more than 30 years. 
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Figure 3.1. Location of 37 Sage Sparrow Territories on Central Hanford in 2003 and 2004 
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Figure 3.2.   Sage Sparrow Territory Size Distribution for 2003 and 2004 on Central Hanford 
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Figure 3.3.   Shrub Canopy Cover Distribution in 37 Sage Sparrow Territories on Central Hanford 
Table 3.1. Statistics for Habitat Variables Measured on 37 Sage Sparrow Territories on Central 
Hanford in 2003 and 2004 
Units Habitat Variable Mean 
Standard 
Deviation Median Minimum Maximum 
Big sagebrush  27.3 17.4 26.1 0.0 62.1 
Bitterbrush 0.7 2.0 0.0 0.0 8.9 
Spiny hopsage 0.9 2.6 0.0 0.0 11.3 
Green rabbitbrush 0.4 0.9 0.0 0.0 4.4 
Gray rabbitbrush 0.9 2.3 0.0 0.0 11.1 
Perennial forb  4.5 5.2 1.9 0.0 19.6 
Large perennial bunchgrass  1.8 3.1 0.3 0.0 11.1 
Small perennial bunchgrass  7.0 5.2 5.6 0.1 20.3 
Annual forb  6.1 4.1 5.4 0.1 17.0 
Annual grass  17.9 12.1 14.1 3.2 47.3 
Bare ground  32.8 9.6 34.3 13.2 57.3 
% Canopy Cover 
Litter  37.0 13.1 36.1 17.1 69.6 
Sagebrush 9.8 1.6 9.8 6.6 13.0 
Bitterbrush 8.9 2.8 9.3 3.5 13.0 
Spiny hopsage 8.0 1.7 7.2 6.5 11.5 
Green rabbitbrush 5.7 1.3 5.5 3.9 8.6 
Height (dm) 
Gray rabbitbrush 5.9 1.6 5.6 3.5 8.5 
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  Shrub patchiness, as measured by the ratio of the perimeter to area of all shrub patches within 1 km 
from the center of a sage sparrow territory, varied from near zero to 500 m/ha (Figure 3.4).  The larger 
ratio indicates areas that contain numerous small shrub patches, while ratios of less than 100 m/ha 
indicate areas with large shrub patches.  
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Figure 3.4. Shrub Patchiness (Perimeter/Area Ratio) Associated with 37 Sage Sparrow Territories on 
Central Hanford in 2003 and 2004.  Shrub area is the sum of the area of all patches within 
1 km of the geometric center of a sage sparrow territory. 
3.1 HSI Model Development 
 Using all the measured vegetation data from the 37 mapped territories, variables for the HSI model 
were selected through an iterative PCA process.  In the initial analysis, the original set of 23 variables was 
reduced to six:  big sagebrush canopy cover, shrub patchiness (shrub perimeter to area ratio), stand age 
(years since last fire), annual forb and grass canopy cover, and bare ground cover.  In the second PCA 
using six variables, the first two factors in the PCA accounted for 67% of the variation in the data 
compared to 43% for the initial analysis.  The first factor was dominated by overstory characteristics 
relating to big sagebrush cover, fire history, and shrub patchiness (shrub perimeter to area ratio) 
(Table 3.2; Factor 1).  This factor separated territories that had burned recently, and were recovering, 
from more mature, unburned shrub stands.  The second factor in the analysis was correlated with 
understory features of annual grass, annual forb canopy cover, and bare ground (Table 3.2; Factor 2).  
This factor separated territories with disturbed understories containing annual grass and forbs and little 
bare ground from undisturbed territories containing native bunchgrasses. 
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 Table 3.2. Factor Coordinates of Variables Based on Correlations from the Principal Component 
Analysis 
Variable Factor 1 Factor 2
Sagebrush cover - mean -0.83 -0.11 
Shrub perimeter to area ratio 0.75 -0.40 
Stand age -0.81 0.31 
Annual grass cover - mean 0.41 -0.66 
Annual forb cover - mean 0.05 -0.70 
Bare ground - mean -0.56 0.61 
 To construct the HSI model, five variables were selected from the two PCA factors:  big sagebrush 
cover, annual grass/forb canopy cover, shrub patchiness and stand age (Equation 3.1).  Bare ground was 
excluded because it was inversely correlated with annual grass and forb cover.  Annual grass and annual 
forb canopy cover were combined into a single variable, annual cover, which is indicative of disturbance.   
 The basic HSI model was:  
 Habitat Value = Big Sagebrush Cover * Annual Cover * Patchiness * Stand Age (3.1) 
 For each component of the HSI model, coefficients between zero and 1 were assigned to various 
levels of that variable, with higher values representing higher quality habitat features (Table 3.3).  The 
values of the coefficients were based on expert knowledge using results from this and other studies of 
sage sparrow habitats.  For example, optimum big sagebrush cover for sage sparrows in Washington State 
is estimated to range from 10–25% (Vander Haegen 2004).  For the 37 sage sparrow territories on Central 
Hanford, big sagebrush canopy cover ranged from 0 to 62%, with a mean of 27%.  Using this informa-
tion, we assigned a coefficient of 1 to habitats where big sagebrush cover exceeded 20%.  Habitats with 
no big sagebrush cover were assigned a value of zero, and habitats with intermediate big sagebrush 
canopy cover were assigned coefficients between 0.25 and 0.85.  This range gives more weight to big 
sagebrush cover over 10% and less to cover below 10%. 
 Coefficients for annual cover reflect the presence of territories in habitats where annual cover ranged 
from 7% to 65%.  Habitats with annual grass and forb cover of more than 65% were deemed poor sage 
sparrow habitat and assigned a value of zero, while habitats with less than 30% annual cover were 
assigned a value of 1.  These coefficients also reflect the fact that sage sparrows require bare ground for 
foraging and that optimum habitat should contain a minimum of 10% bare ground (Vander Haegen 2004). 
 The effect of fire history and patchiness on sage sparrow territory size is less clear because a range of 
territory sizes was associated with both of these components.  As a conservative approach, we assigned 
values of 0.75 to burned areas (i.e., stand age <30 years) and to those with a perimeter-to-area ratio 
greater than 200 m/ha.  The patchiness ratio of 200 m/ha was selected because it occurs close to a break in 
the data (Figure 3.4).  Habitat suitability values were then calculated for each of the original 37 territories. 
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 Table 3.3. Index Values Assigned to Four Variables Determined to be Related to Sage Sparrow 
Occurrence in Central Hanford 
Variable Index Value
Stand Age/Burn History 
Unburned 1 
Burned within last 30 years 0.75 
Landscape Patchiness 
Perimeter/area ratio <200 m/ha 1 
Perimeter/area ratio >200 m/ha 0.75 
Sagebrush Cover 
>20% 1 
10–19.9% 0.85 
5–9.9% 0.5 
<5% 0.25 
0% 0 
Annual Grass and Forb Cover 
<30% 1 
30–39.9% 0.75 
40–49.9% 0.5 
50–65% 0.25 
>65% 0 
 Habitat index values from the HSI model (Equation 3.1; Table 3.3) for the 37 sage sparrow territories 
ranged from zero to 1.0.  The zero value was associated with a territory where big sagebrush was not 
found within the randomly selected overstory plots.  However, bitterbrush was present.  When habitat 
index values are plotted against territory size, territories larger than 1.5 ha are all associated with low-
index values (<0.4) (Figure 3.5).  For territories with index values above 0.4, territory size was always 
less than 1.5 ha, and most were below 1.0 ha. 
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Figure 3.5. Habitat Suitability Index and Sage Sparrow Territory Size for the Hanford Site in 2003 
and 2004 
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 3.2 Density Estimates and Model Application 
 The HSI model developed from measured habitat characteristics of the sage sparrow territory data 
was tested using sage sparrow density and habitat data collected in 2005.  We assumed that the highest 
densities would occur in habitats with a HSI near 1, while lower densities should be associated with 
habitats with HSI indices below 0.6.  Model results using habitat data collected in conjunction with the 
sage sparrow densities showed, in general, that low sage sparrow densities were associated with habitats 
having a HSI below 0.6 (Figure 3.6).  However, there was a lot of variability, and one of the highest 
densities was associated with a HSI below 0.4.  The shrub species at this location was bitterbrush rather 
than big sagebrush.  This suggested several improvements to the original HSI model:  using shrub cover 
that included both big sagebrush and bitterbrush and increasing the importance of shrub and annual grass 
and forb cover while decreasing the importance of patchiness and stand age.   
 The enhanced model version was: 
 Habitat Value = Shrub Cover * Annual Cover * (Shrub Patchiness * Stand Age)0.5 (3.2) 
 No change was made to the coefficient values listed in Table 3.3.  Using the model of Equation (3.2), 
sage sparrow densities were generally below 0.5 males/ha until the HSI index was above 0.6 (Figure 3.7).  
However, even under seemingly optimal habitat conditions (i.e., HSI = 1.0), densities varied from 0.1 to 
over 2.5 males/ha. 
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Figure 3.6. Relationship Between Sage Sparrow Densities and Habitat Suitability Index Values Using 
Equation (3.1) 
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Figure 3.7. Relationship Between Sage Sparrow Densities and Habitat Suitability Index Values Using 
Equation (3.2) 
 
4.0 Discussion 
 Habitat preferences of breeding sage sparrows have been the subject of many studies in the western 
United States because they are strongly associated with the sagebrush component of shrub-steppe 
landscapes, and their presence or absence is assumed to reflect the quality of the shrub-steppe habitats.  In 
these studies, sage sparrows were found in habitats containing fairly large, unfragmented patches of 
sagebrush with an understory of perennial bunchgrasses and forbs interspersed with bare ground (Vander 
Hagen et al. 2000; Rotenberry and Knick 1999; Fitzner 2000, Misenhelter and Rotenberry 2000; Knick 
and Rotenberry 1999; Rotenberry and Wiens 1980; Knick and Rotenberry 1995; Petersen and Best 1985).  
However, few studies found statistically significant relationships between the presence of sage sparrows 
and specific habitat features (Wiens and Rotenberry 1981; Rotenberry and Knick 1999).  In general, over 
their breeding range, the presence of sage sparrow is most strongly associated with sagebrush (Rotenberry 
and Wiens 1980; Rotenberry and Knick 1999; Vander Haegen et al. 2000), and it remains unclear why the 
presence, absence, or abundance of sage sparrows is not strongly associated with habitat factors other 
than the simple presence of sagebrush.  Factors that may contribute to the lack of significant results 
include 1) the scale at which habitat features were measured, 2) events occurring at other locations that 
influence population levels of breeding sage sparrows, 3) the past history of the site combined with the 
birds’ breeding behavior, and 4) random effects. 
 The scale of habitat measurement appears to be a prime issue in associating habitat features to sage 
sparrow usage.  At the smallest scale, shrubs selected for a nest site appear to have a fairly specific set of 
features with shrub height ranging from 40 to 100 cm and less than 25% of the canopy dead (Rich 1980; 
Petersen and Best 1985).  At the next higher or local scale, this study and others have examined habitat 
characteristics of the territories or areas occupied by sage sparrows on the scale of several hectares.  At 
this scale, the presence of sagebrush is the dominant feature (Rotenberry and Knick 1999).  Sage sparrows 
do not seem to be highly selective of other habitat features besides the dominant shrub cover at this scale.  
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  Finally, at the landscape scale, which exceeds 1 km, habitat features such as fragmentation or 
patchiness and configuration are important (Rotenberry and Knick 1999).  Cunningham and Johnson 
(2006) found that the habitat association for many birds is a combination of local and landscape informa-
tion.  While the Hanford Site is classified as shrub-steppe, the central portion includes at least 15 common 
plant communities, four of which have big sagebrush as the dominant shrub species and three in which 
bitterbrush is dominant (Sackschewsky and Downs 2001).  Within these communities, variability in soils, 
slope, and aspect create considerable heterogeneity within shrub-steppe habitats.  Consequently, plant 
cover on the site is naturally variable and has been fragmented at multiple scales from historical human 
activity and rangeland fires.  
 Breeding philopatry may also contribute to the variability in habitat features found in sage sparrow 
territories.  Birds have been known to return to the same site to nest even after habitat conditions 
deteriorate (Wiens and Rotenberry 1985).  If no nesting sites are available the birds will move on, but as 
long as some minimum conditions exit, they will continue to use the location. 
 Another factor that may impact the association between sage sparrow presence and habitat char-
acteristics is bird population levels.  One of the assumptions of habitat suitability modeling is that 
optimally suitable habitats will be selected over less suitable habitats.  However, philopatric behavior and 
the loss of individual sage sparrows during the non-nesting season may result in apparently prime nesting 
habitats remaining unoccupied.  An additional effect would be an increase in the variability of habitat 
features of nesting territories as less optimal habitat continues to be occupied even though optimal 
habitats are available.  
 Our findings suggest that restricting mitigation standards to mature big sagebrush habitat with a 
purely native understory may not protect sage sparrow habitats on Central Hanford.  The model and data 
show that sage sparrows inhabit areas considered to be marginal habitat by present standards, including 
areas with little shrub cover and areas with up to 65% cover of alien, annual understory species.  Using 
our model, habitats of this nature that may be impacted by human activities can be assigned a value based 
on measured attributes of the site.  The calculated habitat value can then be compared to other potential 
sites to determine project siting, or the value could be used to determine the type and amount of 
restoration necessary to mitigate impacts. 
 Applying the model on Central Hanford would likely allow some sites that were once considered 
below mitigation standards to now qualify for mitigation, as would areas that were once passed over as 
compensation or habitat improvement sites.  However, to improve the area for sage sparrows, the habitat 
quality of sites with a HSI below 0.6 would need to be raised to 0.8 or above to provide opportunities for 
higher densities of sage sparrows.  This could be accomplished by planting more big sagebrush near 
existing patches to increase shrub cover and decrease fragmentation.  Habitat factors could be measured 
again after mitigation to quantify the progress attained by specific mitigation actions, and this information 
could be used to further refine future mitigation guidelines.  
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 5.0 Conclusions 
 The sage sparrow HSI model will be used to estimate habitat quality in areas that are proposed to be 
disturbed by site development or remediation activities.  The model will be applied to determine if 
compensatory mitigation would be required of a proposed project, and if mitigation is needed, how much 
habitat replacement or other mitigative actions would be appropriate.  PNNL and DOE intend to begin 
application of the sage sparrow HSI model to current field situations on the Hanford Site.  The mitigation 
recommendations resulting from the model application will be compared against the current BRMaP/ 
BRMiS guidance to help DOE understand how the change in habitat value measurement technique would 
affect DOE actions on the Hanford Site.  The comparisons will be documented and used in determining 
appropriate modifications/additions to BRMaP/BRMiS during the next revision cycle.  
 The sage sparrow model appears to be useful for evaluating sites that can potentially support sage 
sparrows.  However, this model, based only on the sagebrush-obligate sage sparrow, is not likely to 
adequately represent overall habitat value in areas without shrubs, even if the other components of the 
plant community indicate that the habitat is of high quality.  Additional models may be needed to 
complement the sage sparrow model to fully quantify habitat value on the Hanford Site.  Other wildlife 
species with complementary habitat requirements will be considered by DOE and PNNL, with input from 
resource trustees, to identify additional species for which HSI models might be developed and applied. 
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